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Electricity from Sunlight
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Solar Thermoelectric Devices
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Solar Thermophotovoltaics
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. Theoretical maximum efficiency: 85.4%; comparable to that of infinite number of multi-
junction cells, but with only a single junction PV cell.
. Key Challenges: Selective surfaces absorbing solar radiation but re-emitting only in a

narrow spectrum near the bandgap of photovoltaic cells, working at high temperatures.
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Solar Thermoelectrics: Approach
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Nanostructured
Thermoelectric Materials
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Importance of Understanding
Phonon Mean Free Path
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Phonon Mean Free Path in Si
Classical Molecular Dynamics Simulations
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Dames and Chen, CRC Handbook, M. Rowe, 42-1, 2006.
Henry and Chen, J. Comp. & Theo. Nanosciences, 5, 141, 2008.
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First Principle Simulation
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Extracting Mean Free Path of TE Materials
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| Phonon Mean Free Path in Si at 300 K
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Interfaces: Atomistic Green’s Function (AGF)
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Interface Phonon Transmission
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Multiscale Phonon Simulation
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Pump-probe System for
Thermal Conductivity Measurement

Electro-Optic
Modulator (EOM)
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Experimental Results on Si
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Effect of Quasi-ballistic Transport
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Comparison with Experiments
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|H Physics: Measuring how far vibrations travel

August 25, 2011

Optical Techniques to Measurement
Phonon Mean Free Path Distribution
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Conductivity (W/m-K)

| Direct Measurement
Electronic Thermal Conductivity

k=kﬁH§ . ———
c :
2.04 - .ol -
T T T T T T T
< L
—_ L %E’ 202 | %%\%
51+ o Zero Field 4 X z .0
~  Six Tesla 2 £ 20215 h
o Nine Tesla 55555555% ) ; 5 108 |
-.2., [ E 1.96
4 L 1 S 2 - -
'-'8 2.00 o 20000 20000
S Magnetic Field (Oe) 2.50
. —8 _ .
sl 1 § 1.98 |- gz.mk | -
g § 230+
4 — =
) 3
, ﬁ 1.96 |- % Ll —
i ] s 556% 6655
(@) Magnetic Field (Oe)
1/ N 1 N 1 N 1 N 194 1 1 1 1 1 1 1 1 1
0 100 200 300 400 2.16 2.24 2.32 2.40 2.48

Temperature (K) Electrical Conductivity (x10° Sm™)

* In semiconductors, Lorenz Number depends on carrier concentration
* Measurements of thermal conductivity under magnetic field determine
electronic contribution and Lorenz number
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Modulation Doping

Power factor (mWem 'K?)

0 200 400 600 800 1000
Temperature | °C)

Chen/Ren/Dresselhaus Zebarjadi et al., Nano Letters, 11, 2225, 2011.
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Prototype Generators

o US Patent No. 389124:

; E. Weston in 1888
M. Telkes, JAP, 765, 1954
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Heat Flux Consideration
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Possible Configurations
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Solar Thermoelectric Power Conversion
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| Cascaded/Segmented STEGs
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O STEG efficiency of >10% with current materials
0 Small difference between segmented and cascaded system
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Summary

* Phonon thermal conductivity from first principle.
e |nterface transmittance from Green’s function.

e Optical spectroscopy on thermal conductivity and
phonon mean free path.

* Modulation doping to improve electron performance.
 Demonstration of STEG with promising efficiency.
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